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Bellman $[2, 1984,\mathrm{p}.20.3]$ “that
is dynamic programming without optimization” Sniedovich [6] 3
14 “What Then Is Dynamic Programming?”
6
1. \langle \rangle
2. $\{y_{1}, y_{2,\ldots,/\lambda}\uparrow.\}$ $\sim\sim J^{*}:=\mathrm{I}\mathrm{n}\mathrm{a}\mathrm{X}_{1\leq’\iota\leq ky_{ll}^{2}-\min_{1\leq’ l\leq k:^{y_{l}^{2}}}}$,
3. – $S_{k}:=\Sigma_{ll=1}^{k}X_{n}$ $p(\cdot)$
\langle $\iota$ \rangle
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27?, $Z^{1l}$
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$D\subset Z^{11}$ $f$ : $Darrow R^{1}$
sum $f(x_{1}, x_{2}, \cdots, x_{n})$ over $(x_{1}., x_{2}, \cdots, x_{n})\in D$ (1)
$\sum_{(x1}\sum_{x_{2},\cdots,xn},.\cdots\sum_{)\in D}f(x_{1}, x_{2}, \cdots, x_{\iota},)$ (2)
$\sum_{x\in D}f(x)$ (3)
– $S$ $p(y|x)$
$\{X_{n}\}$ $g(_{d}\mathrm{Y}_{0}, X_{1}, \ldots , X_{l},)$
$\sum$ $\sum$ . . . $\sum$ $g(x_{0},$ $x_{1},$ $\cdots,$ $x_{n})p(x_{1}|x_{0},)p(x_{2}|x_{1})\cdots p(x_{t1}|x_{t\iota-1}.)$
$(x_{1},x_{2},\cdots,x_{n})\in S\cross S\cross\cdots\cross S$
(1) $,(\underline{9}),(.3)$ :
integrate $f(x_{1},x_{2}, \cdots, x_{n})$ over $D\subset R^{n}$
$\iint\cdot.\int Df(x_{1}, x_{2}, \cdots, x_{l},)dx_{1}dx_{2}\cdots dx_{n}$
$\int_{D}f(x)dx$ .
$R^{l1}$ $n$
] (Sniedovich [6, Chap. 2 Fundamentals])
1( )
$\sum_{y\in Y,z}\sum_{\in Z(y)}q(y, z)=\sum_{y\underline{\in}1’}\{\sum_{z\in Z(y)}q(y, z)\}$
.





$\sum_{x\in D}f(x)=\sum_{x_{1}\in D_{1x_{2}}}\sum_{\in D_{2}(x_{1}\rangle x_{n}\in D_{n}}\cdots\sum..f(x_{1}, x_{2}, \cdots, x_{n}.)(x_{1},\cdot,x_{n-1})$. (4)
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2 $f_{n}=f$
$f_{??l-1}(x_{1}, \cdots, x_{?1-1},)=\sum_{x_{m}.\in D_{m}(x_{1\backslash },x_{m-1})}\ldots.f_{?l},(x_{1}., \cdots, x_{n\iota}.)$







$N$ $n$ , : $Narrow R^{1}(^{-}1\leq \mathit{7}\eta$. $\leq 7?,)$ $k\in N$
3
$\sum$






3 $a<b$ $\varphi,$ $\psi$ : $\{a, a+1, , . . , b\}arrow Z^{1}$ $\varphi(y)\leq\psi(y)\forall y$
$q(y, z)=g(y)+\beta(y)h.(y, \approx)$
$D=\{(y, \approx)|a\leq y\leq b, \varphi(y)\leq z\leq\iota^{/}’(y)\}$
:




$D=\{1,2, \ldots, k\}^{n}\subset N^{l}’$ .
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$D$ :












(9) $,(10)$ $v^{n}=k^{n}$ (11) :
$u^{ll}=ku^{n-1}+k^{\prime 1-1}. \sum_{x=1}^{\mathrm{A}}.f_{11}..(x)$ .
(8)
$u^{\iota}’=k^{\mathrm{z}-1}’, \sum_{?l=1}^{n}.\sum_{x=1}^{k}f_{\gamma\iota},(x)$








$= \sum_{(x_{1},\cdot x_{n})}..\cdot,\cdot\cdot\sum_{\in E}[f_{1}(x_{1}.)+\cdots+f_{n}(x_{n})]$
$E= \{(x_{1}, x_{2}, \ldots, x_{n})|\sum_{m=1}^{l}.x_{m}\leq c, x_{n\iota}=1,\underline{9}, \ldots, c-7l+1-, 1\leq 7n\leq n\}$ .
$v^{1}(c)= \sum_{x=1}^{c}1$ $c\geq 1$ (13)
$v^{n}(c)= \sum_{x=1}^{c-n+1}v^{n-1}(c-x)$ $c\geq n$
.
(14)
$u^{1}(c)= \sum_{x=1}^{c}f_{1}(x)$ $c\geq 1$
$u^{n}(c)= \sum_{x=1}^{c-n+1}[u^{n-1}(c-x)+f_{n}(x)v^{n-1}(c-x)]$ $c\geq n$ (15)
(13),(14) \S 5.1 $v^{n}(c)={}_{c}C_{l}$, (15)
:














$u^{1}(c)= \sum_{x=1}^{c}f_{1}(x)$ $c\geq 1$





$R\subset R^{1}$ : $R\mathrm{x}Rarrow R$ $R$ $e$ :
$e\circ x=x$ $\forall x\in R$
$(n+1)$ $f_{n\iota}$ : $Z^{1}arrow R(1\leq \mathit{7}n\leq n),$ $\mathrm{L}q:Rarrow R$
4.1
$D$
$\sum_{(x_{1}}.\sum_{x_{2},x_{n}},\cdot\cdot..\cdot\cdot\sum_{)\in D}g(f_{1}(x_{1})\circ f_{2}(x_{2})\circ\cdots\circ f_{\mathrm{I}1}.(x_{t},))$
(18)
$n\geq 1$ $\lambda\in R$
$u^{n}( \lambda)=\sum_{(x_{1},\cdot,x_{n}}..\cdots\sum_{)\in D}g(\lambda\circ f_{1}(x_{1})\circ\cdots\circ f_{||}..(x_{1}.,))$
$u^{1}( \lambda)=\sum_{x=1}^{k}g(\lambda\circ f_{1}(x))$







$u^{1}(c; \lambda)=\sum_{x=1}^{c}g(\lambda of_{1}(x))$ $c\geq 1$ , $\lambda\in R$





$\mathrm{s}\iota\iota \mathfrak{m}$ $\sum_{m=1}^{l}’ a_{m}x_{m}$
$\mathrm{o}\iota^{\gamma}\mathrm{e}\mathrm{r}(\mathrm{i})_{\mathrm{n}}$ $\sum_{m=1}^{\mathrm{J}l}x_{m}\leq k$ (20)
$(\mathrm{i}\mathrm{i})_{\mathrm{n}}$ $x_{m}\in\{1,2, \ldots, k-n+1\}$ $1\leq m\leq n$
$\{a_{ll},\}$ $n\leq k$ $1\leq$
$n\leq c$
$v^{1}’(c)$
$= \sum_{(x_{1},\cdot\cdot x_{n}}.\cdot.\cdot.\cdot\sum_{)\in F}1$
(21)
$u^{n}(c)$ $= \sum_{(x_{1},\cdot\cdot,x_{n}}.\cdot\cdot.\cdot\sum_{)\in Fm}\sum_{=1}^{n}a_{n\iota}x_{m}$
$F= \{(x_{1}, \ldots, x_{n})|\sum_{n\iota=1}^{n}x_{m}\leq c, x_{m}=1,\underline{9}, \ldots, 1\leq m\leq n\}$.
$v^{1}(c)= \sum_{x=1}^{c}1$ $c\geq 1$
$v^{n}(c)= \sum_{x=1}^{c-l+1}’ v^{n-1}(c-x)$ $c\geq n$ (22)
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$u^{1}(c)= \sum_{x=1}^{c}a_{1}x$ $c\geq 1$
$u^{\mathrm{I}1}(c)= \sum_{x=1}^{c-l+1}’[u^{n-1}(c-x)+c\iota_{1\}}.xv^{\iota-1}’(c-x)]$ $c\geq n$ (23)
$v^{n}(c)={}_{c}C_{n}:= \frac{c!}{(c-n)!\prime x!}$ (24)




$\sum_{m=1}^{ll}x_{m}\leq k,$ $x_{m}=1,2,$ $\ldots,$ $k-n+1$ , $1\leq m\leq n$ (26)
$Z^{n}$ $x=(x_{1}, \ldots, x_{\iota},)$ ? $\mathit{7}?,$ $\leq k$
$v^{1}’(k)={}_{k}C_{\mathrm{J}1}$
$G= \{(x_{1}, \ldots, x_{n})|\sum_{m=1}^{n}x_{m}\leq k, x_{m}=1,2, \ldots, k-n+1, 1\leq m\leq n\}\subset Z^{n}$
$K=\{1,2, \ldots, k\}$




$x_{n}$ $:=$ $k_{ll}-k_{\tau \mathrm{z}-1}$
2 $c=k$ (22),(24) :




$[3, \mathrm{p}\mathrm{p}37]$ ) :
sum $x_{1}\vee x_{2}$ V. . . V $x_{l}.$,
$\mathrm{P}(7x;k.)$ : over (i)
,
$\sum_{n=1}^{l}’.\frac{x_{l?l}}{x_{1}x_{2}\cdots x_{?l-1}},\leq k$ (28)
(ii) $x_{n},\in\{1,2, \ldots\}$ $1\leq m\leq n$ .





$\mathrm{P}(m;c, \lambda)$ : $u^{m}(c;\lambda)$
$= \sum_{(x_{1},\cdot\cdot x_{m}}.\cdot,\cdot\cdot\sum_{)\in_{-}F}\lambda\vee x_{1}\vee\cdots\vee x_{m}$
$c\in S_{n\iota}$ , $\lambda\in\Lambda_{m}$
$F= \{(x_{1}, x_{2}, \ldots, x_{m})|\sum_{l=1}^{m}\frac{x_{l}}{x_{1}x_{2}\cdots x_{l-1}}\leq c, x_{l}=1,2, \ldots 21\leq l\leq m\}$
$\Lambda_{n}=\{1\}$ , $\Lambda_{l-1},=\{1,2, \ldots, k-1\}$





$\{S_{n}, S_{\mathrm{z}-1},, S_{n-2}, \cdots , S_{2}, S_{1}\}$ :
$S_{n}=\{k\}$
$S_{t?.-1}.=$ { $x(k-x)|x=1,\underline{9},$ $\ldots$ , I $(k_{/}^{\prime_{\underline{9}}})$ }
$S_{\mathrm{z}-2},=$ { $x(i-x.)|i\in S_{?l-1},$ $x=1,\underline{9},$ $\ldots$ , I $(i/2)$ }
$S_{m}=$ { $x(i-x)|i\in S_{?1+1},,$ $x=1,9$-, . . . , I $(i/2)$ }
$S_{1}=$ { $x(i-x)|i\in S_{2},$ $x$. $=1,\underline{9},$ $\ldots$ , I $(i/2)$ }.
$v^{1}(c)= \sum_{x=1}^{c}1$ $c\in S_{1}$
$v^{n\mathrm{r}}(c)= \sum_{x=1}^{c-1}v^{n\mathrm{z}-1}(x(c-x))$ $c\in S_{??l}$ , $\underline{9}\leq m\leq n$
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$u^{1}(c; \lambda)=\sum_{x=1}^{\mathrm{I}(c)}[\lambda\vee x]$ $c\in S_{1}$ , $\lambda\in\Lambda_{1}$




$\mathrm{P}(.3;5)$ : over (i) $x$. $+ \frac{y}{x}+\frac{\tilde{4}}{a.\cdot\cdot y}\leq 5$ (29)
(ii) $x,$ $y,$ $z\in\{1,2, \ldots\}$
$u^{3}(5)=406$ (i),(ii)
(X, $y,$ $z$ ) $v^{3}(5)=90$
maxlmlze $x\vee y\vee z$
$\mathrm{R}(3;5)$ : subject to (i) $x$. $+. \frac{y}{x}+:?_{-?/}.\approx.\leq 5$
(ii) $x,$ $y,$ $z\in\{1,\underline{9}, \ldots\}$
$\lambda$ ( )
: $(x^{*}, y^{*}, z^{*})=(2,3,9),$ $(3,3,9)$ 9.
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